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Update on severe asthma: what we know

and what we need

M. Gaga*, E. Zervas* and P. Chanez”

evere asthma patients experience frequent

or debilitating symptoms and limitations

in their activities, have frequent exacerba-
tions and hospitalisations and account for over
half of the cost of the disease and most of its
mortality [1, 2]. Because the disease is chronic,
debilitating and may prove fatal, it is imperative
to understand the mechanisms and factors
associated with it and to treat it effectively. This
update on severe asthma presents information
regarding epidemiology, clinical assessment, risk
factors, pathophysiology and management of
severe asthma and includes recent relevant
publications.

DEFINITION

According to the Global Initiative for Asthma
(GINA) definition, patients who experience daily
symptoms, frequent exacerbations, frequent noc-
turnal asthma symptoms, limitation of physical
activities, forced expiratory volume in 1 s (FEV1)
or peak expiratory flow (PEF) 60% predicted and
PEF or FEV1 variability >30% before initiation of
treatment should be classified as having severe
persistent asthma [1, 2]. Once treatment is
initiated, the response to treatment is also
important and is measured by the level of
control. This dual assessment creates some
confusion as the terminology is not standardised
and the terms are often used interchangeably [3].
However, both concepts of asthma severity and
control are important in the evaluation of patients
and their response to treatment: some patients
respond to treatment and become asymptomatic
while others remain uncontrolled. Therefore, the
diagnosis of “severe asthma’ or “‘severe refrac-
tory asthma” is based on both the clinical
features of the disease and the daily medication
regimen that the patient is receiving. Patients
who need oral corticosteroids or very high dose
inhaled steroids to remain under control as well
as patients with ongoing asthma symptoms,
despite being on the appropriate maintenance
therapy (high dose inhaled corticosteroids (ICS)
combined with long-acting B,-agonists (LABA)),
should be regarded as having severe asthma [1,
3-5]. Although the definition includes the
response to treatment, it must be taken into
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account that response to treatment may be slow
or, conversely, a patient may seem to respond but
may relapse quickly and present with new
exacerbations. Therefore, a relatively long period
of monitoring and treatment is necessary before
labelling any patient as having severe/refractory
asthma. In addition, during this period, other
possible diagnoses should be investigated and
excluded [6]. The latest definition was given 2 yrs
ago and is as follows: severe asthma is diagnosed
in patients with refractory asthma that remain
difficult to control despite a thorough re-evaluation
of the diagnosis and after >6 months of close
follow-up by a physician specialising in asthma [7].

Many factors have been associated with disease
severity, loss of control and exacerbations. These
include viruses, environmental and occupational
sensitisers, comorbidities, ethnicity, sex and
increased body mass index (BMI). Some factors
cannot be altered but others must be avoided or
treated. Therefore, the term severe refractory
asthma should apply to patients who remain
difficult to control despite an extensive re-
evaluation of diagnosis, avoidance or treatment
of exacerbating factors and following a period of
>6 months of close follow-up and tailored and
rigorous management by an asthma specialist.

PATHOPHYSIOLOGY

Bronchial inflammation

Inflammation is an important feature in severe
asthma [8]. Inflammatory phenotypes of severe
asthma can be characterised by persistence of
eosinophilic or neutrophilic infiltration, while in
some cases, no inflammatory infiltration is noted
(paucigranulocytic) [9]. Usually, inflammatory
cells are present and activated in the airways of
severe asthmatics and persist despite treatment,
but their relevance to control and severity of the
disease is largely unknown. These cells include
not only eosinophils and neutrophils but T-
lymphocytes, mast cells and macrophages while
structural cells are also involved in the inflam-
matory reaction and remodelling in asthma.

Inflammatory cell infiltration
Regarding the eosinophilic phenotype, there are
data suggesting that there is a relationship
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between the perception of symptoms and eosinophilic inflam-
mation but these data refer to asthma in general and there is no
specific study on severe asthma [10]. It seems that sputum
analysis discriminates eosinophilic inflammation in severe
asthma better than cell differential analysis of endobronchial
biopsies [11]. The factors controlling eosinophilic inflammation
in severe asthma are not clear. While interleukin (IL)-5, eotaxin
and other mediators may promote the eosinophilic infiltrates,
there is no upregulation of these specific chemoattractants in
severe eosinophilic asthma as opposed to the milder forms of
the disease [12]. However, eosinophilic inflammation is
impacting on structural changes of the airways [13].

Severe asthma may also be associated with neutrophilic
inflammation [5, 14] but the precise role of neutrophils remains
to be determined. Neutrophilia may represent a continuous
influx of cells from the bloodstream due to continuous
antigenic stimulation of the bronchi or it may be influenced
by the high levels of steroid treatment [15]. Several mediators
linked to neutrophils (leukotriene (LT)B,, IL-8, macrophage
inflammatory protein-lo. and tumour necrosis factor (TNF)-or)
have been shown to be increased in severe asthma [14, 16].
They induce neutrophil chemotaxis, activation and survival
and upregulate endothelial adhesion molecules. Epidermal
growth factor receptor (EGFR), a marker of epithelial stress/
damage, is increased in proportion to disease severity. EGFR
expression in the bronchial epithelium correlates with IL-8
indicating that EGFR can also contribute to this sustained
neutrophilic inflammation [17, 18].

The mild form of asthma and most of the ““old”” animal models
of asthma are characterised by involvement of T-helper (Th)2
mediated inflammation. Th2 cells orchestrate the recruitment of a
range of inflammatory cells and enhance mediator release [19].
However, the Th2 immune process by itself is often inadequate to
explain the persistence of inflammation in severe asthma. In
addition to Th2 cytokines or chemokines, upregulation of both
innate and Thl pathway elements in severe asthma has been
observed. Although at baseline T-cell activation is Th2-biased
and there is a T regulatory (Treg) deficiency, a mixed Th1/Th2
activation and an increase in Tregs occurs during exacerbations.
Furthermore, cytokines considered to be involved in Thl
immunity may play a dual Th1/Th2 role in asthma, as has been
shown for osteopontin [20].

The persistence of inflammation in severe asthma may also
result from deficiencies in endogenous homeostatic processes
that promote resolution of inflammation. Of interest, a lower
biosynthetic capacity for lipoxins, which are endogenously
derived protective signals, is linked to severe asthma [21, 22].
The studies from the Severe Asthma Research Program-
National Institute of Health cohort confirm that there is lipoxin
underproduction and greater oxidant stress in severe asthma
[23, 24]. In addition, alveolar macrophages from severe
asthmatic individuals have decreased production of other
potentially protective mediators (i.e. prostaglandin (PG)E2 and
15-HETE (15-hydroxyeicosatetraenoic acid)) and defective
apoptotic inflammatory cell uptake [25].

Structural cell abnormalities

Epithelial cell and smooth muscle abnormalities and goblet cell
hyperplasia are observed in the majority of fatal and/or severe
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asthmatics and probably contribute to airway narrowing.
There has been increasing interest in the mechanisms involved
in differentiation and repair of the airway epithelium,
especially as it applies to severe asthma. Markers of apoptosis,
such as Bcl-2, are high in asthmatics while markers of
proliferation and activation, such as proliferating cell nuclear
antigens, nuclear factor-kB and CD40-L, show increased
expression in corticosteroid-dependent asthma [26]. Pro-
fibrotic cytokines, such as transforming growth factor-f,
produced by the epithelium and submucosal cells are
specifically increased in the eosinophilic phenotype of severe
asthma [27]. Increased airway smooth muscle is found in the
bronchi of individuals who died of status asthmaticus and in
endobronchial biopsies from living severe asthmatics. In
addition to increasing closure of the airways hyperreactive
smooth muscle contraction, smooth muscle cells can also
contribute to the recruitment of inflammatory cells into the
bronchi producing pro-inflammatory cytokines and chemo-
kines and expression of leukocyte adhesion molecules [28].
Neurogenic mechanisms contribute to inflammation in asthma
[29] but this role in severe asthma needs to be further explored.

Airway wall thickening is observed in many severe asthmatics
and emerging evidence suggests that parenchymal abnormalities
may also influence airflow limitation in severe disease [30].
Previous autopsy and lung resection studies have shown the
small airways to be inflamed and thickened in asthma [31, 32];
however, the functional consequences of these structural changes
have been difficult to ascertain.

Adequate tissue sampling of the distal lung for the evaluation
of the outer airway wall, small airways and their surrounding
parenchyma is still needed for mechanistic insights. In
addition, static and dynamic imaging studies, performed in
well phenotyped, genotyped and physiologically characterised
severe asthmatics are required to better link structure to
function and genetic suceptibility. A recent study has shown
that quantitative computed tomography determined air trap-
ping in asthmatic subjects and identified a group of individ-
uals at high risk for severe disease, which includes patients
with a history of pneumonia, neutrophilic inflammation or
atopy [33].

Poor corticosteroid response

Complete absence of response to corticosteroid in severe
asthma is very rare. Much more common is a reduced respon-
siveness, often described as corticosteroid-dependent asthma
or refractory asthma, where large doses of inhaled corticoster-
oids (ICS) and sometimes oral/systemic corticosteroids are
needed to control asthma [34, 35]. Poor responsiveness to
corticosteroid is likely to be multifactorial; it depends on
phenotype and environmental exposure and changes over
time. As different forms of glucocorticoid receptors have
recently been described, examination of potential genetic
determinants for CS responsiveness is also recommended
[36]. Macrophages may be involved in steroid resistance
through activation and induction of lipopolysaccharide signal-
ling pathways [37]. Moreover, alveolar macrophages from
patients with severe asthma demonstrate corticosteroid insen-
sitivity associated with increased p38 mitogen activated
protein kinase activation [38].
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EPIDEMIOLOGY AND RISK FACTORS

It is estimated that 5-10% of asthmatics suffer from severe
asthma. However, there is a scarcity of epidemiological studies
assessing severity and an urgent need for more studies to
define the true prevalence of severe refractory asthma. High
healthcare costs are associated with severe asthma. GODARD
et al. [39] showed that direct costs for goods and services,
numbers of consultations, supplementary examinations and
medications, as well as indirect costs (days lost from work and
adverse quality of life (QoL) parameters), all increase sig-
nificantly with increasing severity. More recently, data from
the North American cohort of severe asthma enrolled in The
Epidemiology and Natural History of Asthma: Outcomes and
Treatment Regimens (TENOR) study were analysed. The
investigators examined the cost of severe controlled and severe
uncontrolled asthma and reported that controlled patients
experienced fewer work or school absences and less healthcare
resource use than uncontrolled patients at all study time-points
[8]. Using the multilevel Asthma Therapy Assessment Question-
naire (ATAQ) control score, asthma costs increased directly with
the number of asthma control problems. Costs for uncontrolled
patients were more than double those of controlled patients
throughout the study (US$14,212 versus US$6,452, adjusted to the
2002 US$ rate; p<<0.0001). This study demonstrated that the
economic consequence of uncontrolled disease is substantial [40].

Epidemiological studies have also examined the relationship
between possible risk factors and asthma severity. The
ENFUMOSA study showed that female sex, obesity and the
lack of atopy were associated with more severe disease, while
no childhood risk factors were identified [5, 41]. The Leiden
group showed that comorbid conditions associated with
frequent exacerbations are psychological disorders, sinus
disease, gastro-oesophageal reflux, Chlamydia pneumonia infec-
tion, sleep apnoea and thyroid disease [42]. More recently data
from the TENOR study were analysed. Factors associated with
increased risk of exacerbation and hospital admissions were
younger age, female sex, non-white race, BMI >35 kg-m’z,
post-bronchodilator FEV1 <70% pred, history of pneumonia,
diabetes, cataracts, intubation for asthma and three or more
steroid bursts in the previous 3 months [43]. A final risk score
ranging from 0-18 was derived from the logistic regression
model in this cohort and was highly predictive of hospitalisa-
tion or emergency department (ED) visits (table 1).

A score of 0—4 represents a low risk, scores of 5-7 represent
moderate risk and a score of >8 represents a high risk. Point
cut-off values were based on percentages of patients with a
hospitalisation or an ED visit from the original population
analysis. Further analyses regarding these risk factors have
been published by the TENOR group and show that increased
asthma severity in black ethnicity is not explained by
differences in demographics, severity or other health condi-
tions [44]. The same investigators used the ATAQ to examine
the level of control and showed that a validated questionnaire
may help clinicians identify patients requiring intervention to
prevent future severe asthma-related events [45]. Contrary to
the ENFUMOSA data, the TENOR cohort had very high rates
of skin test positivity for allergy [46] and immunoglobulin
(Ig)E levels were associated with asthma severity among
younger patients [47]. In children and adolescents, increased
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ay:\=18=5 1 TENOR risk score for severe asthma
exacerbations

Total Points Variable and points

3 Age yrs
0: >60
1: 50-59
2: 35-49
3:18-34
1 Sex
0: Male
1: Female
2 Race/ethnicity
0: White
2: Non-white
1 BMI kg-m
0: <35
1: 235
2 Lung function
0: Post % pred FVC <70
2: Post % pred FVC >70
1 Previous history of pneumonia
0: No history
1: Previous history
1 Currently has diabetes
0: No
1: Yes
1 Currently has cataracts
0: No
1: Yes
1 Ever intubated
0: No
1: Yes
3 Steroid bursts in last 3 months
0: 0 steroid bursts
1: 1 steroid bursts
2: 2 steroid bursts
3: >3 steroid bursts
1 Nebuliser ipratropium bromide
0: No
1: Yes
1 Systemic corticosteroids
0: Less than every other day
1: At least every other day
18 Total possible score

BMI: body mass index; % pred: % pred; FVC: forced vital capacity. A TENOR
risk score value of moderate magnitude (5-7 points) reflects a 3.5-fold higher
risk of an emergency department visit or hospitalisation; a high value (>8
points) reflects a 12-fold higher risk compared with patients with low risk scores
(0-4 points). Adapted from [43] with permission from the publisher.

body weight was found to be associated with asthma severity
in young females [48].

Risk factors associated with fixed airway obstruction have also
been examined and data show that older age, male sex, black
ethnicity, current or past smoking history, aspirin sensitivity
and longer asthma duration are associated with persistent
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airflow limitation while protective factors were Hispanic
ethnicity, higher education, family history of atopic dermatitis,
pet(s) in the home and dust sensitivity [49, 50]. Aspirin intake
has also been associated with severe asthma attacks and
remodelling changes [5, 50].

CLINICAL ASSESSMENT AND RE-EVALUATION

The assessment of both severity and control are very
important. The National Asthma Education and Prevention
Program guidelines base the assessment of control on two sets
of parameters, those assessing impairment or disability and
those assessing future risk for the patient [51]. Patients with
continuous symptoms, frequent night awakenings, frequent
use of reliever medications and reduced lung function are
impaired in their daily activities and their QoL. Moreover,
patients with frequent exacerbations, progressive loss of lung
function, comorbidities and treatment-related side-effects are
at increased risk of future exacerbations and poor disease
outcome.

Re-evaluation should include assessment of all factors that
influence asthma control and possible triggers must be
adequately addressed [3, 4, 7]. Factors that can influence
asthma control, such as environmental exposures, comorbid
conditions, treatment adherence and, in particular, inhalation
technique, must be examined meticulously. Cigarette smoking
in asthma is a risk factor for poor asthma control and reduced
sensitivity to corticosteroids. Every effort should be made to
encourage individuals with asthma who smoke to quit [52].
Objective criteria are important in the follow-up and re-
evaluation of severe asthma. Therefore, during follow-up it is
recommended that patients should be monitored by: validated
questionnaires regarding asthma control; pulmonary function
measurements; airway inflammation assessment; and QoL
questionnaires [3, 4, 7]. The frequency of exacerbations and
healthcare system use (including planned and unexpected/
emergency) should also be recorded. Control must be very
clearly defined, as a recent study compared three different
control definitions and showed that although all three
definitions were correlated with future control and health
economic outcomes, there were striking differences in the
descriptive results across the definitions, including the
proportion of patients in each category of control [53].
Differences among definitions of asthma control may lead to
divergent research conclusions or treatment practices. The
standardisation of control definitions remains very important.

It must be taken into account that severe asthma is a
heterogeneous condition that includes several phenotypes.
The types of severe asthma used to include severe occupa-
tional, brittle, pre-menstrual, steroid dependent or resistant,
and aspirin induced [3, 4]. These classifications are important
in some aspects of management and avoidance practices but
do not include information on the clinical appearance of the
disease nor the inflammatory profile. At present, the aim of
phenotyping is to include clinical and pathophysiological data
as well as risk factors of the disease in order to specifically
guide treatment. Thus phenotyping of severe asthma may be
characterised by the presence of continuous symptoms [54],
frequent exacerbations [42] or fixed airway obstruction [49, 55].
Furthermore, classification can be based on the presence of
severe inflammation, whether eosinophilic or neutrophilic, or
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on the absence of inflammation but the persistence of
symptoms and bronchial hyperresponsiveness [54]. Determ-
ining the phenotype in each case of severe asthma improves
the current understanding of its underlying mechanisms,
natural history and prognosis and helps to guide the choice
of current and future treatments.

TREATMENT

High-dose inhaled steroids and LABA are the cornerstone of
treatment in refractory asthma but additional medications such
as theophylline, oral steroids, anti-IgE monoclonal antibody or
LT-antagonists are almost always used and are recommended
in the guidelines [3, 4, 7]. The choice of additional medications
is based on the patient’s phenotype and response [53].
However, management regimens are rarely successful in these
patients and the treating physicians are often at a loss. There are
still many areas of uncertainty regarding steroid responsive-
ness and safety issues. Increasing doses of inhaled steroids are
linked with high systemic absorption and many, potentially
serious, side-effects. Moreover, the dose-response curve of ICS
plateaus and there are no advantages to doses equivalent to
>2,000 pug beclomethasone [56]. However, individual respon-
siveness to steroids differs from patient to patient. Maximal
dosing of ICS and bronchodilators and possible differences
between ICS preparations need to be defined more clearly.
Newer ICS have been introduced to the marketplace which are
shown to have fewer side-effects [57]. The benefit-to-adverse
effectratio has to be examined meticulously, and careful placebo-
controlled trials are needed to determine the optimal methodol-
ogy of titrating CS therapy [58, 59].

The problem is that the vast majority of severe asthmatic
patients remain symptomatic despite the use of combined
LABA and ICS therapy. In patients at treatment steps 4 and 5
of the GINA guidelines, the use of high-dose ICS therapy and
the addition of at least one LT antagonist, slow-release
theophylline or even oral corticosteroids and anti-IgE in
selected patients is advocated [60]. However, it seems that
not all severe patients necessarily need high-dose ICS. The
Leicester group showed that in patients with eosinophilic
inflammation, ICS help reduce exacerbations while in sympto-
matic patients without evidence of inflammation ICS dosing
can be reduced [54]. Furthermore, a recent study aiming to
assess the response of high-dose salmeterol/fluticasone com-
bination in a large cohort of severe or difficult-to-treat
asthmatics concluded that some asthmatics achieve better
outcomes while receiving a low-dose ICS/LABA combination.
These findings suggest a limited value of high-dose ICS/LABA
combination compared with the alternatives in this particular
group of severe asthmatics [61]. Combinations of ICS and
LABA have been used lately not only as maintenance but also
as rescue/relief treatment. A recent Cochrane review [62]
concluded that in severe asthma the use of budesonide/
formoterol for maintenance and relief demonstrated a reduc-
tion in the risk of exacerbations that require oral corticosteroids
in comparison with budesonide/formoterol for maintenance
and terbutaline or formoterol for relief. Furthermore, the
incidence of serious adverse events in children was also less
when budesonide/formoterol was used for maintenance and
relief, as was demonstrated in a second study which similarly
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enrolled children who were not controlled on medium to high
doses of ICS.

Anti-LTs are another add-on option to ICS/LABA for the
treatment of severe asthma. As the biosynthesis of LTs is
partially corticosteroid independent and increased LT levels
have been reported in severe asthma [63], it is felt that anti-LTs
would be beneficial in these patients. However, although
guideline recommended, these drugs are added on in patients
with severe asthma without definite evidence of benefit:
studies have shown either improvement in a small subgroup
of severe asthma patients or no improvement [64-66]. Again,
specific phenotyping of asthmatic patients may help predict
which patients will benefit from this treatment [67]. There is
some evidence indicating that smokers [68], aspirin-intolerant
[69] and, perhaps, obese asthmatics [70] may respond better.
Nevertheless, prospective controlled studies using anti-LTs as
add-on therapy in severe asthma need to be performed.

Anticholinergics are sometimes used as add-on treatment in
severe asthma. A Cochrane review concluded that there is no
evidence to support the use of anticholinergics as part of add-
on treatment for patients whose asthma is not well controlled
using standard therapies [71]. However, recent findings have
rekindled the interest regarding the use of tiotropium in severe
asthma. A preliminary study by IWAMOTO et al. [72] has shown
an association between the responsiveness to tiotropium
bromide and the type of inflammatory cells in the induced
sputum of patients with severe persistent asthma. These
findings indicate a rationale for using tiotropium bromide to
treat severe asthma with a noneosinophilic sputum profile and
this is irrespective of the patients’ smoking status [72]. In
another study, PARK ef al. [73] found that 30% of severe
asthmatics with reduced lung function respond to adjuvant
tiotropium. The presence of the Argl6Gly polymorphism in f,-
adrenoreceptor may predict good response to tiotropium [73].

Anti-IgE treatment has been shown to help a number of
patients with allergic asthma. It can be administered to patients
with IgE levels 35-700 IU and a dose titrated on their IgE levels
and body weight. It is administered subcutaneously once or
twice a month for at least 3-6 months and is continued if the
clinical outcome is favourable. In this selected group of
patients, anti-IgE treatment was effective in increasing the
numbers of patients who were able to reduce their inhaled
steroids. It also led to a reduction in asthma exacerbations [74].
A recent study showed that discontinuation of treatment leads
to recurrence of symptoms in severe asthma patients [75].
Patients responding to anti-IgE treatment also showed an
improvement in symptoms of rhinitis [76].

Furthermore, there are many other classes of medication that
have been, or are being currently, tested in severe asthma, for
example, anti-TNF-o treatment has been tested in controlled
studies, initially with good results [77]. However in a
subsequent study, an unfavourable risk/benefit profile led to
early discontinuation of study agent administration after the
week-24 database lock [78]. During week 76, 20.5% placebo
and 30.3% golimumab-treated patients experienced serious
adverse events, with serious infections occurring more
frequently in golimumab-treated patients. One death and all
eight malignancies occurred in the active groups. Therefore, it
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was concluded that treatment with golimumab did not
demonstrate a favourable risk/benefit profile in this study
population of patients with severe persistent asthma. Other
steroid sparing drugs (cyclosporine, tacrolimus, methotrexate
and gold) have also been used but results are unsatisfactory
and side-effects are notable, thus steroids remain the corner-
stone of severe asthma treatment. The addition of macrolides is
beneficial in many cases and this is in step with the evidence of
chronic Chlamydia infection in severe asthma [79, 80]

Initial results of anti-IL5 (mepolizumab) were not very
promising. Mepolizumab treatment did not appear to add
significant clinical benefit in patients with asthma with
persistent symptoms despite ICS therapy [81]. But two recent
studies show that mepolizumab therapy reduces exacerbations
and improves Asthma Quality of Life questionnaire score in
patients with severe eosinophil asthma [82, 83]. There are some
case reports that support the use of IgG, but there are not
enough controlled studies to support this type of treatment.
However, a recent study tested humanised IgG1 monoclonal
antibody against the IL-2R o-chain (CD25) of activated
lymphocytes (daclizumab) and produced encouraging results
[84]. Daclizumab improved pulmonary function and asthma
control in patients with moderate-to-severe chronic asthma
who were inadequately controlled on ICS. The mechanism of
action probably involves inhibition of pro-inflammatory
cytokine generation by IL-2R blockade in activated T-cells.

Bronchial thermoplasty, a bronchoscopic procedure to reduce
the mass of airway smooth muscle and attenuate broncho-
constriction, has been tested in severe asthmatic patients
resulting in an improvement in asthma control [85].

CONCLUSION

Over the past 20 yrs, extensive investigation of the pathoge-
netic mechanisms of asthma has led to a better understanding
of the disease and to a more cognitive approach to its
therapies. However, severe asthmatics continue to have
persistent symptoms and frequent exacerbations despite
specialist care and continuous, intensive, high-dose treatment.
Networks of scientists have been formed and studies such as
the ENFUMOSA, TENOR and BIOAIR have been carried out,
helping our understanding of the disease but many questions
remain unanswered. There is clearly a need to continue the
global effort and collaboration for further studies and
innovative treatments in severe asthma.
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